ciation between MMSE score and falls rate persisted (rate ratio 1.20, 95% CI 1.03-1.40, p = 0.021). Conclusion: Minimal decrements on the MMSE were associated with elevations in rate of falls, suggesting that subtle cognitive deficits reflected in MMSE scores above a cut-off consistent with a diagnosis of dementia, can influence risk for falls.
falls. In contrast, data from the Kenosha County Fall Prevention Study [7] suggested that mild cognitive deficits may be associated with an increased risk for falls. Specifically, subjects scoring below 28/30 on the MMSE demonstrated a nearly three-fold increased risk for falls compared to control subjects whose MMSE was 30/30. However, the association between MMSE ! 28 and falls was a univariate finding, and it was not clear if the association would remain after controlling for other risk factors of falls. Overall, the relationship between subtle cognitive deficits and rate of falls needs further clarification. We asked the question, 'Does rate of falls increase only after a threshold (such as MMSE less than 24) is reached, or does rate of falls increase incrementally as MMSE score progressively declines? ' Using data from the control group of the Kenosha County Falls Prevention Study, we sought to clarify the relationship between subtle cognitive impairment and risk for falls by examining how subjects' MMSE scores relate to rate of falls. The Kenosha County sample provided the opportunity to examine prospective falls rate in a predominantly non-demented sample. We hypothesized that in a sample of community-dwelling older adults at risk for falls, MMSE scores less than 30 would be associated with increased rate of falls after controlling for other risk factors.
Methods
Of the full sample included in the Kenosha County Falls Prevention study, 175 older adults were randomized to the control condition and followed for 1 year. Baseline data and prospectively-tracked rate of falls from these individuals were examined in order to clarify the relationship between global cognition and risk of falls. The goals of the original study, the Kenosha County Falls Prevention Study, were to examine the effect of the intervention upon rate of falls, hospitalizations and nursing home placement. Specific details of the study are published elsewhere [7] ; a brief description is provided here. The University of Wisconsin (UW) School of Medicine and Public Health Human Subjects Committee approved all procedures, personnel, and analyses associated with the Kenosha County Falls Prevention Study.
Kenosha County Falls Prevention Study
Subjects. Community-living, older adults at risk for falling were recruited from several locations in Kenosha County, Wisconsin. Specific inclusion criteria were age 65 years or older, living independently in Kenosha County and an elevated risk for falling. Increased risk for falling was defined as (1) a history of 2 or more falls in the last year, or (2) one fall within 2 years prior to entering the study with either injury or gait and balance problems. Exclusion criteria included enrollment in Hospice, an intention to move out of the area in the next year, or for subjects without a related caregiver residing with them, the inability to provide informed consent. Individuals lacking capacity were enrolled if they had a related in-home caregiver to provide consent for their participation.
After baseline data were collected, subjects were randomly assigned to either an intervention or control group. Only data from the control group were included in these analyses. As part of the control condition, subjects were provided with an in-home assessment by an occupational therapist, who recommended environmental changes directed toward reducing falls, and advised participants to seek medical attention for their elevated risk of falling. One hundred seventy-five adults were randomized to the control group. Three had no follow-up data on falls, leaving 172 participants for inclusion in this analysis.
Baseline Data. A set of interview and questionnaire data were collected at baseline. These included demographic information, assessments of functional ability (activities of daily living (ADLs) [8] and instrumental ADLs [9] ), the short form of the Geriatric Depression Scale [10] (GDS-SF), history of impaired vision or use of an ambulation assistive device, comorbid medical conditions [11] , number of prescription medications, number of psychotropic medications (i.e., antidepressants, sedative hypnotics, antihistamines, antipsychotics), current exercise, and self-perception of health [12] . The MMSE was administered in a standardized manner by trained personnel. Subjects were first asked 10 orientation questions, followed by a simple 3-word auditory registration task. After a brief delay, typically lasting 1 to 2 minutes during which the subject was asked to spell a 5-letter word backwards, the participant was asked to recall the 3 words presented during the registration task. Remaining items assessed the ability to name 2 common objects, repeat a sentence, follow a 3-step command, read and follow a written instruction, write a sentence, and accurately copy overlapping pentagons. Points were tallied for a total possible score of 30.
Prospective Recording of Falls. The rate of accidental falls over 1 year in the community was measured prospectively for all subjects. An accidental fall was defined as 'an event which results in a person coming to rest inadvertently on the ground or other lower level, and other than as a consequence of the following: sustaining a violent blow; loss of consciousness; sudden onset of paralysis, as in stroke; an epileptic seizure' [13] . To facilitate an accurate record of falls, participants kept daily diaries and mailed in monthly records of falls. Caregivers were asked to assist with falls recording. If a fall was reported on a study participant's monthly calendar, research personnel conducted a follow up telephone interview to confirm the occurrence of the fall, as well as details of the nature, cause and location of the reported event. At the end of the study, the rate of falls variable used for analyses was calculated by dividing number of days in the community into number of falls occurring while in the community [7, 14] . Falls occurring on days spent in a hospital, communitybased residential facility, or nursing home were excluded from analyses.
Statistical Methodology
Numbers of falls in the community were modeled using a negative binomial (overdispersed Poisson) generalized additive regression model with a log link function. For each subject, (log) number of community days was included in the model as an off- 559 set term to account for variable lengths of follow-up. MMSE score was included in the model as a penalized thin plate regression spline with smoothing parameter chosen by generalized crossvalidation [15] . All control subjects, regardless of MMSE score, were included in the analysis.
Models were fit both without covariates (univariate) and after covariate adjustment (multivariate). The multivariate model employed a stepwise algorithm using a 'change-in-estimate' method [16] . Variables resulting in the largest change in the average linear effect (average change in falls rate for a 1-point drop in MMSE score in the range [22] [23] [24] [25] [26] [27] [28] [29] [30] were added to the model as long as the addition of any of the remaining variables did not result in a 6 10% change in the average linear effect. Variables were considered for inclusion in the model in 2 stages. In the first stage, the following variables, identified as potential confounders, were evaluated for inclusion in the model: age, education, gender, depression (reported on a questionnaire of comorbid conditions) [11] , vision impairment (self-report of being unable to watch television due to poor vision), alcohol use ( 1 3 days/week), history of stroke (as reported in questionnaire) [11] , presence of a caregiver in the home, hospitalization in the last 4 months, fair to poor health status (as reported in questionnaire) [11] , and use of one or more psychotropic medications. In the second stage, the following variables assessing mobility-related factors that may be associated with falls were considered for inclusion in the model: use of assistive device more than 50% of time indoors, arthritis (selfreport of disease on list of comorbid conditions), level of exercise (none, 1-3 times/week, or 6 4 times/week), and ADLs (total score on Barthel Index [8] ). A similar procedure was employed by van Schoor et al. [17] , who referred to a similar set of variables as 'mediators' and entered them in their multivariate model, after first accounting for the contribution of confounders. Analyses were performed using R [18] . Age (years) and education (years of school) were modeled as penalized thin plate regression splines. All other variables were entered as dichotomous/categorical variables. 
Results
Based on prospective tracking of falls, there were 315 falls in 162.82 person-years of follow-up in the 172 control group subjects with at least 1 follow-up day in the community. Table 1 presents the baseline characteristics, including MMSE score, for these 172 subjects. The overall falls rate for the control group was 1.93. Table 2 describes the number of subjects obtaining a given MMSE score, and the rate of falls per year in the community associated with each MMSE score.
Most participants (91%) scored at or above a standard MMSE cutoff of 6 24/30 for dementia. The mean MMSE score was 27.2 (SD 4.6). The mean age of study participants was 80.4 (SD 7.7) years; 78% of participants were women. The study population had a high level of morbidity: approximately 34% were depressed, 82% had arthritis, 16% had vision impairment, 35% used an assistive device and 17% were hospitalized in the 4 months prior to the study. All participants were community-dwelling with many (54%) living alone.
Relationship between Decrements on MMSE and Rate of Falls
Results from univariate and multivariate regression models describing the relationship between decrements on the MMSE and rate of falls are presented in table 3 . In univariate analyses, lower MMSE scores in the range 22-30 were associated with a log-linear increase in rate of falls (rate ratio 1.25, 95% confidence interval (CI) 1.09-1.45, p = 0.0026). There was no evidence of non-linearity (p = 0.99).
Multivariate Model
Using a stepwise, change-in-estimate method [16] to select covariates for inclusion in the multivariate model, scores on an index of ADL performance (Barthel), level of exercise, use of assistive device and arthritis were included in the multivariate (adjusted) model. After adjustment for these variables, unit decreases in MMSE scores in the range 22-30 remained associated with log-linear increases in the rate of falls (rate ratio 1.20, 95% CI 1.03-1.40, p = 0.021) ( table 2 ). There was no evidence of nonlinearity (p = 0.97).
Twelve subjects (7%) had a self-reported diagnosis of dementia. Eight of these individuals scored below 24/30 on the MMSE. To assess how inclusion of individuals with more severe cognitive impairments may have influenced results, we calculated average linear effect estimates for incrementally narrower ranges of MMSE scores (e.g., MMSE 24-30, 26-30, and 28-30, instead of MMSE 22-30). The point estimates were largely unchanged in the univariate analyses and slightly attenuated in the multivariate analysis, but there was no evidence that any of these estimates differed from each other. These results suggest a robust average linear effect across the range of observed MMSE scores. Figure 1 presents the estimated rate ratios for the comparison of a given MMSE score with the next highest MMSE score. For example, the rate of falls associated with a MMSE score of 25 was significantly higher than the rate of falls associated with a score of 26 (rate ratio 1.26, 95% CI 1.02-1.56). As noted previously, these estimates are all consistent with a common effect of a single point loss of MMSE score over this range of MMSE scores (overall rate ratio 1.20, 95% CI 1.03-1.40).
Discussion
These analyses from the Kenosha County Falls Prevention Study [7] suggest that in patients at risk for falling, unit decrements on a widely-used global cognitive scale, the MMSE, are incrementally associated with risk for falling, even in the upper range of scores. In our sample, all subjects were at risk for falls, and many exhibited a high rate of comorbidity. Of note, most participants in this community-dwelling sample had an MMSE score above a cutoff associated with dementia (i.e. median MMSE = 28/30). The association between MMSE and falls persisted across the range of scores from 22 to 29, and remained after adjusting for covariates. Several studies have reported an increased risk for falls in patients who carry the diagnosis of dementia (e.g., [1, 19, 20] ) emphasizing the relationship between dementia and falls [3] .
Other studies have found an increased risk for falls with MMSE scores below 24 [3] [4] [5] . Our data suggest that for older adults who have a history of falls, elevations in risk for future falls occur with even very mild cognitive deficits.
In contrast, another population-based study found that the relationship between point loss on the MMSE and rate of falls was no longer significant after adjusting for age [17] . This finding may have resulted from distinct differences between subject groups. Participants in our study were all at high risk for falls as part of the eligibility criteria for the study. In addition, participants all had sought recruitment into an intervention study to reduce falls. Our subjects were older on average, and had a high level of disease comorbidity. For example, 82% of our participants had arthritis, and over 20% had sustained a stroke, compared to only 10% of participants with stroke in the population-based study. It may be that the relationship between rate of falls and cognitive decline becomes stronger as patients accrue multiple risk factors for falls. Of note, our subjects, who were enrolled in the study based upon their risk for falls may be more similar to patients found in specialty clinics (e.g. falls, dementia, neurology, rehabilitation clinics, etc.), compared to subjects enrolled in a population-based study. Understanding that there may be an increase in falls risk associated with subtle cognitive changes, clinicians may improve their ability to identify their patients' risk of future falls and institute appropriate prevention strategies. Specifically our data suggest that, for those with a history of falls, an MMSE score ! 30 should be considered as an important indicator of fall risk independent of other risk factors, with risk increasing with each unit decrement on MMSE, down to an MMSE score of 22. Given the small number of subjects with MMSE scores below 22, we are unable to determine if falls risk continues to increase incrementally with additional unit point declines for MMSE scores below 22.
The neurobiological basis for the association between falling and subtle cognitive deficits needs clarification. It has been demonstrated that impairments in judgment, attention, or executive function may predispose older adults to perform unsafe tasks or to execute them in a perilous manner [21] . As such, it is possible that the association between falls risk and mild decrements on the MMSE is due directly to the effect of deficits in key cognitive domains, such as executive function. For example, recent work shows that impairment in executive function is associated with decreased ability to modulate gait in the setting of a dual task (for example walking and performing mental arithmetic), and that this is particularly true for older adults prone to falls [22] [23] [24] . We were not able to characterize the nature of cognitive deficits in this group, and cannot determine if deficits in particular cognitive domains, such as executive function or memory, were uniquely associated with elevations in falls rate. This is an important area for future study.
This study has limitations. First, the small sample size for MMSE scores below 22 precluded meaningful analysis of the association between MMSE score and rate of falls for those scores. Second, there was a relatively small number of subjects with MMSE scores in the range from 22 to 26; despite the small sample size, there was a significant association between MMSE score and rate of falls for MMSE scores from 22 to 26. Regardless, further evaluation with larger sample sizes and using a more detailed array of cognitive tests would be important next steps to corroborate these findings. Third, a limitation of our analyses is that our data apply to an at-risk cohort, residing in one geographic area, who self-selected to enroll in an intervention study. The same conclusions may not apply to older adults without a recent history of falls, or those disinclined or unable to seek intervention. Strengths of these analyses include the systematic, monthly tracking of falls prospectively and the derivation of community-based falls rate, adjusting for number of days subjects spent in the community.
In summary, findings from these analyses expand our understanding of the relationship between cognitive decline and risk for falls. Among older adults with a history of falls, estimations of future falls risk can be improved by using data from a simple screening tool, the MMSE, which is often incorporated in a routine primary care assessment. Specifically, there is an increased falls risk for each unit decrement from a score of 30 on the MMSE. For clinicians caring for the expanding population of older adults, a fuller awareness of the association between subtle cognitive impairment and risk for falls may lead to better identification of the degree of risk among at-risk patients. In addition, knowledge of this relationship may provide the impetus to develop interventions targeting subtlety impaired patients and their caregivers.
